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(54) COOLING METHOD OF FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stop cooling liquid of 
high conductivity from flowing into a fuel cell. 
SOLUTION: With the cooling method of the fuel cell 1 
in which heat accompanying power generation of the 
fuel cell 1 is radiated with a radiator 4 by having 
cooling liquid circulated, an ion exchanger 5 removing 
ions existing in the cooling liquid is fitted in a cooling 
liquid circulation system. When the temperature of 
the cooling liquid is below the operating temperature 
of a thermostat valve 3 (that is, thermostat operating 
temperature), ion density is kept low by circulating the 
cooling liquid between the fuel cell 1 and the ion 
exchanger 5 and, when the temperature of the 
cooling liquid gets near the thermostat operating 
temperature, a part of the cooling liquid exhausted from the fuel cell 1 is sent to the 
radiator 4, and cooling liquid returning from the radiator is mixed with the cooling liquid with 
ion density lowered beforehand to send back to the fuel cell 1. After temperature of the 
cooling liquid reaches the thermostat operating temperature, the fuel cell 1 is cooled by 
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circulating the cooling liquid between the fuel cell 1 and the radiator 4. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] In the cooling approach of the fuel cell which is made to circulate through the coolant and 
radiates heat by the heat exchanger in generation of heat accompanying a generation of electrical 
energy of a fuel cell The ion-exchange machine from which the ion which exists in the coolant is 
removed is formed in a cooling-fluid-flow system. Whenever [ cooling solution temperature ] below 
with thermostat operating temperature When the coolant is circulated between a fuel cell and an ion- 
exchange machine, ion concentration is lowered and whenever [ cooling solution temperature ] 
approaches thermostat operating temperature The coolant which returns from delivery and a heat 
exchanger to a heat exchanger in a part of coolant discharged from a fuel cell It is the cooling 
approach of the fuel cell characterized by circulating the coolant between a fuel cell and a heat 
exchanger, and cooling a fuel cell after mixing with the coolant which lowered said ion 
concentration, returning to a fuel cell and whenever [ cooling solution temperature ] reaching 
thermostat operating temperature. 

[Claim 2] In the cooling approach of the fuel cell which is made to circulate through the coolant and 
radiates heat by the heat exchanger in generation of heat accompanying a generation of electrical 
energy of a fuel cell The ion-exchange machine from which the ion which exists in the coolant is 
removed is formed in a cooling-fluid-flow system. Whenever [ cooling solution temperature ] below 
with thermostat operating temperature When the coolant is circulated between a fuel cell and an ion- 
exchange machine, the ion in the coolant is removed and whenever [ cooling solution temperature ] 
approaches thermostat operating temperature It is the cooling approach of the fuel cell characterized 
by circulating the coolant between a fuel cell and a heat exchanger, and cooling a fuel cell after 
circulating a part of coolant between a heat exchanger and an ion-exchange machine, removing the 
ion in the coolant of a heat exchanger and whenever [ cooling solution temperature ] reaching 
thermostat operating temperature. 

[Claim 3] It is the cooling approach of the fuel cell according to claim 2 characterized by suspending 
the deionizer processing which circulates the coolant between a heat exchanger and an ion-exchange 
machine when the conductivity sensor which detects the conductivity of the coolant is formed and 
conductivity falls below to a predetermined value. 

[Claim 4] In the cooling approach of the fuel cell which is made to circulate through the coolant and 
radiates heat by the heat exchanger in generation of heat accompanying a generation of electrical 
energy of a fuel cell The ion-exchange machine from which the ion which exists in the coolant is 
removed is formed in a cooling-fluid-flow system. Whenever [ cooling solution temperature ] below 
with the 1st thermostat operating temperature The coolant is circulated between a fuel cell and an 
ion-exchange machine, the ion in the coolant is removed, and whenever [ cooling solution 
temperature ] exceeds the 1 st thermostat operating temperature. Below with the 2nd thermostat 
operating temperature It is the cooling approach of the fuel cell characterized by circulating the 
coolant between a fuel cell and a heat exchanger, and cooling a fuel cell after circulating a part of 
coolant between a heat exchanger and an ion-exchange machine, removing the ion in the coolant of a 
heat exchanger and whenever [ cooling solution temperature ] reaching the 2nd thermostat operating 
temperature. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cooling approach of the fuel cell which is made 
to circulate through the coolant and radiates heat by the heat exchanger in generation of heat 
accompanying a generation of electrical energy of a fuel cell. 
[0002] 

[Description of the Prior Art] In the fuel cell carried in a fuel cell powered vehicle etc. The solid- 
state polyelectrolyte film which consists of solid-state polymer ion exchange membrane etc. with an 
anode and a cathode For example, the **** lump from both sides, It consists of a stack constituted 
by carrying out two or more laminatings of the eel formed by furthermore ****(ing) the outside with 
the conductive separator of a pair. There are some which supply fuel gas (for example, hydrogen gas 
etc.) to the anode of each eel, and generate electricity by supplying oxidant gas (for example, air 
containing oxygen etc.) to a cathode. In this fuel cell, the solid-state polyelectrolyte film is passed, 
even a cathode moves, and the hydrogen ion generated by catalytic reaction in the anode causes and 
generates oxygen and electrochemical reaction with a cathode. 

[0003] Moreover, since it generates heat with a generation of electrical energy in this kind of fuel 
cell, the coolant was passed to the coolant path formed in the separator of each eel, the fuel cell is 
cooled, further, heat was radiated by the heat exchanger and this coolant has been cooled so that a 
fuel cell may be stored in the predetermined operating temperature range. When it has such a cooling 
system, it is necessary to control heat release not to make a fuel cell supercool at the time of a chill 
environment and low-power output operation etc. There is the approach of switching a coolant 
circuit by the thermostat bulb as a way method of the conventional heat release control according to 
temperature. By this approach, the coolant detours a heat exchanger in the low-temperature region 
below the operating temperature (henceforth thermostat operating temperature) of a thermostat bulb, 
and makes a fuel cell circulate through the coolant, and in the pyrosphere exceeding said thermostat 
operating temperature, passage is switched so that a fuel cell may be made to circulate through the 
coolant through a heat exchanger. 

[0004] Moreover, when adopting the cooling system which cools a separator directly by the coolant 
in this way, the ion which must stop the conductivity of the coolant low so that a short circuit may 
not arise through the coolant, therefore exists the coolant in an ion-exchange machine etc. in through 
and the coolant is removed, and it is so that the conductivity of the coolant may be kept low. 
[0005] 

[Problem(s) to be Solved by the Invention] However, while in the case of the system which switches 
a coolant circuit by the thermostat bulb mentioned above, and performs heat release control 
bypassing a heat exchanger in a low-temperature region and circulating the coolant, the conductivity 
of the coolant which the coolant is piling up in the passage which makes a heat exchanger and this 
circulate through the coolant, and ion is eluted and is piling up from the heat exchanger etc. may 
increase. Thus, when the conductivity of the coolant which piles up in a heat exchanger etc. in a low- 
temperature region increased and a coolant circuit is switched by warming-up completion, there is a 
possibility that the coolant with high conductivity which was piling up in the heat exchanger may be 
introduced into a fuel cell. 

[0006] Conventionally, it corresponded by using very few ingredients of ion elution for the 
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ingredient of circulation piping of a heat exchanger or the coolant so that it might not lapse into such 
a situation, but when it was made such, constraint will be received in a configuration, the 
manufacture approach, etc. of a heat exchanger, and enlargement of a heat exchanger, weight 
increase, a cost rise, etc. were caused. Moreover, there is also a method of coping with the interior, 
such as a heat exchanger, by performing coating etc. so that ion elution may be reduced, but if 
coating deteriorates, ion may begin to melt. Then, this invention offers the cooling approach of the 
fuel cell which controlled the rise of the conductivity of the coolant by performing predetermined 
processing to a part of coolant, when thermostat operating temperature is approached. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
indicated to claim 1 In the cooling approach of the fuel cell which is made to circulate through the 
coolant and radiates heat by the heat exchanger (for example, radiator 4 in the gestalt of operation 
mentioned later) in generation of heat accompanying a generation of electrical energy of a fuel cell 
(for example, fuel cell 1 in the gestalt of operation mentioned later) The ion-exchange machine (for 
example, ion-exchange machine 5 in the gestalt of operation mentioned later) from which the ion 
which exists in the coolant is removed It prepares in a cooling-fluid-flow system. Whenever 
[ cooling solution temperature ] below with thermostat operating temperature When the coolant is 
circulated between a fuel cell and an ion-exchange machine, ion concentration is lowered and 
whenever [ cooling solution temperature ] approaches thermostat operating temperature The coolant 
which returns from delivery and a heat exchanger to a heat exchanger in a part of coolant discharged 
from a fuel cell After mixing with the coolant which lowered said ion concentration, returning to a 
fuel cell and whenever [ cooling solution temperature ] reaching thermostat operating temperature, it 
is characterized by circulating the coolant between a fuel cell and a heat exchanger, and cooling a 
fuel cell. Thus, when whenever [ cooling solution temperature ] is below thermostat operating 
temperature by constituting, even if the ion concentration of the coolant in a heat exchanger becomes 
high, this coolant is mixed with the coolant which lowered ion concentration beforehand, and a fuel 
cell can be supplied after thinning ion concentration. 

[0008] Invention indicated to claim 2 generation of heat accompanying a generation of electrical 
energy of a fuel cell (for example, fuel cell 1 in the gestalt of operation mentioned later) In the 
cooling approach of the fuel cell which is made to circulate through the coolant and radiates heat by 
the heat exchanger (for example, radiator 4 in the gestalt of operation mentioned later) The ion- 
exchange machine (for example, ion-exchange machine 5 in the gestalt of operation mentioned later) 
from which the ion which exists in the coolant is removed It prepares in a cooling-fluid-flow system. 
Whenever [ cooling solution temperature ] below with thermostat operating temperature When the 
coolant is circulated between a fuel cell and an ion-exchange machine, the ion in the coolant is 
removed and whenever [ cooling solution temperature ] approaches thermostat operating temperature 
After circulating a part of coolant between a heat exchanger and an ion-exchange machine, removing 
the ion in the coolant of a heat exchanger and whenever [ cooling solution temperature ] reaching 
thermostat operating temperature, it is characterized by circulating the coolant between a fuel cell 
and a heat exchanger, and cooling a fuel cell. Thus, when whenever [ cooling solution temperature ] 
is below thermostat operating temperature by constituting, even if the ion concentration of the 
coolant in a heat exchanger becomes high, by the time whenever [ cooling solution temperature ] 
reaches thermostat operating temperature, ion can be removed out of the coolant with said high ion 
concentration, and ion concentration can be reduced. 

[0009] In invention according to claim 2, invention indicated to claim 3 is characterized by 
suspending the deionizer processing which circulates the coolant between a heat exchanger and an 
ion-exchange machine, when the conductivity sensor (for example, conductivity sensor 8 in the 
gestalt of operation mentioned later) which detects the conductivity of the coolant is formed and 
conductivity falls below to a predetermined value. Thus, after the conductivity of the coolant fell 
below to the predetermined value by constituting, the amount of cooling liquid flows which the 
coolant is no longer introduced into an ion-exchange machine from a heat exchanger, and comes out 
of a heat exchanger and is introduced into a fuel cell can be increased. 

[0010] Invention indicated to claim 4 generation of heat accompanying a generation of electrical 
energy of a fuel cell (for example, fuel cell 1 in the gestalt of operation mentioned later) In the 
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cooling approach of the fuel cell which is made to circulate through the coolant and radiates heat by 
the heat exchanger (for example, radiator 4 in the gestalt of operation mentioned later) The ion- 
exchange machine (for example, ion-exchange machine 5 in the gestalt of operation mentioned later) 
from which the ion which exists in the coolant is removed It prepares in a cooling- fluid-flow system. 
Whenever [ cooling solution temperature ] below with the 1 st thermostat operating temperature The 
coolant is circulated between a fuel cell and an ion-exchange machine, the ion in the coolant is 
removed, and whenever [ cooling solution temperature ] exceeds the 1 st thermostat operating 
temperature. Below with the 2nd thermostat operating temperature After circulating a part of coolant 
between a heat exchanger and an ion-exchange machine, removing the ion in the coolant of a heat 
exchanger and whenever [ cooling solution temperature ] reaching the 2nd thermostat operating 
temperature, it is characterized by circulating the coolant between a fuel cell and a heat exchanger, 
and cooling a fuel cell. Thus, when whenever [ cooling solution temperature ] is below the 1st 
thermostat operating temperature by constituting, even if the ion concentration of the coolant in a 
heat exchanger becomes high, by the time whenever [ cooling solution temperature ] reaches the 2nd 
thermostat operating temperature, ion can be removed out of the coolant with said high ion 
concentration, and ion concentration can be reduced. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of the cooling approach of 
the fuel cell concerning this invention is explained with reference to the drawing of drawing 12 from 
drawing 1 . In addition, the cooling approach of the fuel cell in the gestalt of each operation 
explained below is the mode carried out to the fuel cell carried in a fuel cell powered vehicle. 
[0012] [Gestalt of the 1st operation] First, the gestalt of implementation of the 1st of the cooling 
approach of the fuel cell concerning this invention is explained with reference to the drawing of 
drawing 5 from drawing 1 . Drawing 1 to drawing 3 is the outline block diagram of the cooling 
system of a fuel cell carried in the fuel cell powered vehicle. A fuel cell 1 puts the solid-state 
polyelectrolyte film which is the fuel cell of a solid-state polyelectrolyte membrane type, for 
example, consists of solid-state polymer ion exchange membrane etc. from both sides with an anode 
and a cathode, and consists of a stack constituted by carrying out two or more laminatings of the eel 
formed by ****(ing) the outside with the separator of a pair further. In this fuel cell 1, when the air 
which hydrogen gas is supplied to an anode and contains oxygen in a cathode is supplied, the 
hydrogen ion generated by catalytic reaction in said anode penetrates the solid-state polyelectrolyte 
film, and moves even said cathode, and with this cathode, oxygen and electrochemical reaction are 
caused and it generates electricity. In addition, in drawing 1 , illustration of the supply system of 
hydrogen gas and air and an excretory system is omitted. 

[0013] Moreover, the coolant path is formed in said separator and the temperature of a fuel cell 1 is 
controlled by this fuel cell 1 by passing the coolant to this coolant path and cooling a separator 
directly to the predetermined temperature requirement (about [ For example, being after warming-up 
completion of a fuel cell. / 70-80 degrees ] C). Next, the cooling- fluid-flow system in which said 
coolant flows is explained. Since the temperature of the coolant of introduction and a fuel cell 1 is 
low, when it is not necessary to cool this coolant, it explains from a coolant circuit in case the 
coolant is in a "low-temperature region." As shown in drawing 1 , the coolant discharged from 
coolant path outlet la of a fuel cell 1 After being drawn in by the coolant pump 2 through the coolant 
piping 2 1 and carrying out the pressure up with the coolant pump 2, After being introduced into 
thermostat BARUPU 3 through the coolant piping 22, being further introduced into coolant path 
inlet-port lb of a fuel cell 1 through the coolant piping 23 and flowing the coolant path in a fuel cell 
1, it is again discharged from coolant path outlet la, and circulates. 

[0014] Next, since the temperature of the coolant of a fuel cell 1 is high, when it is necessary to cool, 
a coolant circuit in case the coolant is in a "pyrosphere" is explained. As shown in drawing 3 , the 
coolant by which was discharged from coolant path outlet la of a fuel cell 1, and the pressure up was 
carried out with the coolant pump 2 is supplied to a radiator 4 through the coolant piping 24 which 
branches from the coolant piping 22. This radiator 4 is an air cooled heat exchanger which takes heat 
from the coolant and is cooled by natural ventilation or the compulsive ventilation by the fan. The 
coolant cooled by the radiator 4 is introduced into the thermostat bulb 3 through the coolant piping 
25, and is further introduced into coolant path inlet-port lb of a fuel cell 1 through said coolant 
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piping 23, and it circulates through it. 

[0015] Moreover, also at the time of any of a low-temperature region and a pyrosphere, as shown in 
drawing 1 and drawing 3 , a part of coolant which flows the coolant piping 23 is introduced into the 
ion-exchange machine 5 through the coolant piping 26 and an orifice 27. The interior is filled up 
with ion exchange resin, and the ion-exchange machine 5 removes the ion which exists in the 
coolant, and reduces the conductivity of the coolant. Moreover, an orifice 27 is a restriction orifice 
which restricts the flow rate of the coolant which flows into the ion-exchange machine 5 to a 
predetermined flow rate. With the ion-exchange vessel 5, the coolant by which deionizer was carried 
out is returned to the coolant piping 21 through the coolant piping 28, is attracted by the coolant 
pump 2, and it circulates through it. 

[0016] thus, by the cooling-fluid-flow system of the gestalt of the 1st operation Since a part of 
coolant which circulates through a fuel cell 1 always circulates the ion-exchange machine 5 and 
deionizer is carried out also when the coolant is in any of a low-temperature region or a pyrosphere 
The ion concentration of the coolant which circulates through a fuel cell 1 could be held down to 
below the predetermined value, consequently the conductivity of this coolant was held down to 
below the predetermined value, and the insulating engine performance of the coolant within a fuel 
cell 1 is collateralized. 

[0017] In the cooling system in the gestalt of this 1st operation, the coolant circuit in the low- 
temperature region mentioned above and the coolant circuit in a pyrosphere are switched by the 
thermostat bulb 3. Here, coolant circuit switch actuation of the thermostat bulb 3 is explained with 
reference to the conceptual diagram of drawing 4 . The valve chest by which the thermostat bulb 3 is 
formed in the interior of housing 31 is divided into two rooms, the 1st valve chest 34 and the 2nd 
valve chest 35, by the dashboard 33, and free passage and cutoff of free passage hole 33a of the 
dashboard 33 which opens the 1st valve chest 34 and the 2nd valve chest 35 for free passage are 
further enabled by the valve element 37. Moreover, the thermostat bulb 3 contains the thermostat 
(not shown) which induces the temperature of the coolant which flows the inside of the valve chest, 
and drives a valve element 37. When the coolant is below in the operating temperature (henceforth 
thermostat operating temperature) of a thermostat, i.e., said low-temperature region When a valve 
element 37 blockades free passage hole 33a as shown in drawing 4 (A) (this condition is hereafter 
called close-by-pass-bulb-completely condition), and the coolant exceeds thermostat operating 
temperature (i.e., when it is in said pyrosphere) As a valve element 37 shows drawing 4 (C), it 
estranges from free passage hole 33a (this condition is hereafter called full open condition). In 
addition, about said thermostat, since it is a common knowledge technique, explanation here is 
omitted. 

[0018] And the coolant piping 22 and 23 is connected to the 1st valve chest 34, and the coolant 
piping 25 is connected to the 2nd valve chest 35. Therefore, the coolant is in a low-temperature 
region, and when the thermostat bulb 3 is in the close-by-pass-bulb-completely condition shown in 
drawing 4 (A), the coolant which flowed into the 1st valve chest 34 flows out of the coolant piping 
22 into the coolant piping 23. Since the coolant piping 25 will be in the condition of having 
blockaded in the 2nd valve chest 35, at this time, the coolant does not flow for the coolant piping 25. 
[0019] Moreover, the coolant is in a pyrosphere, and when the thermostat bulb 3 is in the fiill open 
condition shown in drawing 4 (C), the coolant which flowed into the 2nd valve chest 35 flows out of 
the coolant piping 25 into the coolant piping 23. Since a valve element 37 blockades input 22a to the 
1st valve chest 34 of the coolant piping 22 at this time, the coolant does not flow into the 1st valve 
chest 34 from the coolant piping 22. That is, the thermostat bulb 3 is switching the coolant circuit by 
opening for free passage or intercepting free passage hole 33a and input 22a of the coolant piping 22 
by the valve element 37. 

[0020] By the way, when the coolant is in a low-temperature region, as mentioned above, the coolant 
bypasses a radiator 4, and it is flowing so that it may circulate through a fuel cell 1 , and the coolant 
is not flowing for a radiator 4 and the coolant piping 24 and 25, but it is piling up in them. Therefore, 
the ion concentration of the coolant which ion was eluted and is piling up from a radiator 4 and the 
coolant piping 24 and 25 may increase, and conductivity may increase in the meantime. Therefore, 
when the coolant changes from a low-temperature region to a pyrosphere and thermostat BARUPU 3 
switches from a clausilium condition to a valve-opening condition in an instant, the coolant with 
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high conductivity which was piling up in a radiator 4 and the coolant piping 24 and 25 flows into the 
coolant path of a fuel cell 1 in large quantities through the coolant piping 23, and there is a 
possibility of reducing the insulating engine performance of the coolant in a fuel cell 1 . 
[0021] In order to cope with this, with the gestalt of this 1st operation A predetermined temperature 
requirement just before reaching thermostat operating temperature is made into a reserve operating 
temperature region. In this reserve operating temperature region By mixing with the coolant with 
low ion concentration which bypasses and circulates through a radiator 4, and returning the coolant 
which came out of delivery and a radiator 4 a part of coolant discharged from a fuel cell 1 to the 
radiator 4 to a fuel cell Most aggravation of the conductivity of the coolant which circulates through 
a fuel cell 1 is abolished, or it was made to hold down to the range which can permit a fuel cell 1 . 
And after the coolant in a radiator 4 and the coolant piping 24, and 25 interchanged to the coolant 
with low conductivity, it was made to switch to the cooling fluid flow by the coolant circuit of a 
pyrosphere mentioned above completely. 

[0022] And with the gestalt of this 1 st operation, the thermostat bulb 3 which has flow characteristics 
as shown in drawing 5 is used as a means for realizing this. The flow characteristics shown in 
drawing 5 receive the amount Ql of cooling liquid flows which flows into the 1st valve chest 34 
from the coolant piping 22 for an axis of abscissa in whenever [ cooling solution temperature ]. It got 
down from the flow rate (Q2/Q1) of the amount Q2 of cooling liquid flows which flows into the 2nd 
valve chest 35 from the coolant piping 25 for the axis of ordinate, and considered as 100% of flow 
rate in the state of the full open shown in 0% of flow rate, and drawing 4 (C) in the state of the close 
by-pass bulb completely shown in drawing 4 (A) (Q2=0) (Q1=0). 

[0023] Thermostat operating temperature is set as Tl, about less than [ thermostat operating 
temperature Tl ], the flow characteristics of this thermostat bulb 3 are pyrospheres, if a low- 
temperature region and the thermostat operating temperature Tl are exceeded, rather than the 
thermostat operating temperature Tl, they are more than low temperature TO whenever [ place 
constant temperature ], and less than [ thermostat operating temperature Tl ] is set as the reserve 
operating temperature region. And in a reserve operating temperature region, increase of the rate of 
flow rate has become the thermostat bulb 3 starts valve-opening actuation, and very loose, when 
whenever [ cooling solution temperature ] becomes more than TO (the rate of flow rate in Tl is about 
10%), if Tl is exceeded, the rate of flow rate will increase rapidly, and if temperature T2 is reached, 
it is set up so that it may be opened fully (T0<T1<T2). 

[0024] A valve element 37 fully separates from input 22a of the coolant piping 22, and makes input 
22a open greatly in a reserve operating temperature region, in thermostat BARUPU 3 which has such 
flow characteristics, as shown in drawing 4 (B) while it is slightly separated from free passage hole 
33a and makes free passage hole 33a open a little. Consequently, the coolant which flowed into the 
1st valve chest 34 by the large flow rate from the coolant piping 22, and the coolant which flowed 
into the 1st valve chest 34 by the fine flow rate through the 2nd valve chest 35 from the coolant 
piping 25 flow into the coolant piping 23 in the condition of having been mixed. 
[0025] Therefore, if the coolant not more than TO carries out a temperature rise and approaches the 
thermostat operating temperature Tl whenever [ cooling solution temperature ], as shown in drawing 
2 The coolant with the low ion concentration through which bypassed the radiator 4 and it circulated 
to the fuel cell 1 when whenever [ cooling solution temperature ] was less than [ TO ] Into (this 
coolant is hereafter called low-temperature circulation coolant on account of explanation) Although 
the coolant with ion concentration high in comparison (this coolant is hereafter called stagnation 
coolant on account of explanation) which was piling up in a radiator 4 and the coolant piping 24 and 
25 comes to be mixed when whenever [ cooling solution temperature ] is less than [ TO ] Since 
****** of the stagnation coolant is a minute amount until whenever [ cooling solution temperature ] 
reaches the thermostat operating temperature Tl Rather than the ion concentration of the low- 
temperature circulation coolant, the ion concentration of the coolant after mixing only becomes high 
slightly, and can supply the coolant with low conductivity to a fuel cell 1 through the coolant piping 
23. Therefore, most aggravation of the conductivity of the coolant which circulates through a fuel 
cell 1 can be abolished, or it can hold down to the range of the conductivity which can permit a fuel 
cell 1 . 

[0026] And since a part of coolant which flows the coolant piping 23 is introduced into the ion- 
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exchange machine 5 through the coolant piping 26, between this reserve operating temperature 
region can recover quickly the conductivity of the coolant which deionizer comes to be carried out 
with the ion-exchange vessel 5, and circulates through a fuel cell 1 before a part of coolant after said 
mixing flows into a fuel cell 1 (stability). 

[0027] And a fuel cell 1 can be made to circulate through the coolant with low (that is, for 
conductivity to be low) ion concentration from from, when whenever [ cooling solution 
temperature ] reached the thermostat operating temperature Tl, the whole flow characteristics and 
the whole system of the thermostat bulb 3 were set up so that the coolant in a radiator 4 and the 
coolant piping 24, and 25 might interchange to the low-temperature circulation coolant and 
whenever [ cooling solution temperature ] moves from a low-temperature region to a pyrosphere 
immediately after moving to a pyrosphere. Therefore, according to the cooling approach of the fuel 
cell in the gestalt of the 1st operation, in all the temperature regions of the coolant, the insulating 
engine performance of the coolant in a fuel cell 1 can be maintained in tolerance. 
[0028] [Gestalt of the 2nd operation] Next, the gestalt of implementation of the 2nd of the cooling 
approach of the fuel cell concerning this invention is explained with reference to the drawing of 
drawing 9 from drawing 6 . Drawing 6 to drawing 8 is the outline block diagram of the cooling 
system of the fuel cell in the gestalt of the 2nd operation. The point which is the cooling structure of 
a system of the fuel cell in the gestalt of the 2nd operation, and was mentioned above and which is 
different from the thing of the gestalt of the 1st operation is as follows. 

[0029] With the gestalt of the 2nd operation, the thermostat bulb 3 which has flow characteristics as 
shown in drawing 9 is used, the flow characteristics of this thermostat bulb 3 set thermostat 
operating temperature as Tl 1 — having — thermostat operating temperature TT — about the following, 
if low- temperature region and thermostat operating temperature TT is exceeded, it is a pyrosphere, 
and it does not have a reserve operating temperature region. Therefore, if whenever [ cooling 
solution temperature ] exceeds thermostat operating temperature Tl f in the case of this thermostat 
bulb 3, it will almost be in a full open condition from a close-by-pass-bulb-completely condition in 
an instant. Moreover, between the orifices 27 and the ion-exchange machines 5 of the thermostat 
bulb 3 in the coolant piping 25 is connected by the coolant piping 41 which has the closing motion 
valve 6 on the way. [ in / immediately / the upstream and the coolant piping 26 ] 
[0030] Furthermore, in the coolant piping 23, the temperature sensor 7 for detecting the temperature 
of the coolant of a fuel cell 1 which flows into coolant path inlet-port 1 b of a fuel cell 1 in the 
upstream is installed immediately. Based on whenever [ cooling solution temperature / which was 
detected with this temperature sensor 7 ], closing motion control of the closing motion valve 6 is 
carried out. That is, when whenever [ cooling solution temperature / which the closing motion valve 
6 was controlled by the closed state, and was detected with the temperature sensor 7 when 
whenever / cooling solution temperature / which was detected with the temperature sensor 7 / was 
below T3 ] exceeds T3, the closing motion valve 6 is controlled by the open condition. Here, T3 sets 
up only predetermined temperature low rather than thermostat operating temperature TT whenever 
[ cooling solution temperature ] (T3<Tr<T2). Since it is the same as the thing of the gestalt of the 
1 st operation about other configurations, the same sign is given to the same mode part, and 
explanation is omitted. 

[003 1 ] Next, the cooling approach of the fuel cell in the gestalt of the 2nd operation is explained. 
Also in the gestalt of the 2nd operation, when the coolant is in a low-temperature region, the coolant 
flows so that a radiator 4 may be bypassed and it may circulate through a fuel cell 1, and at this time, 
the coolant is not flowing for a radiator 4 and the coolant piping 24 and 25, but it is piling up in 
them. Therefore, the ion concentration of the coolant which ion was eluted and is piling up from a 
radiator 4 and the coolant piping 24 and 25 may increase, and conductivity may increase in the 
meantime. Therefore, when the coolant changes from a low-temperature region to a pyrosphere and 
the thermostat bulb 3 switches from a clausilium condition to a valve-opening condition in an 
instant, the coolant with high conductivity which was piling up in a radiator 4 and the coolant piping 
24 and 25 flows into the coolant path of a fuel cell 1 in large quantities through the coolant piping 
23, and there is a possibility of reducing the insulating engine performance of the coolant in a fuel 
cell 1. 

[0032] In order to cope with this, with the gestalt of this 2nd operation when whenever [ cooling 
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solution temperature ] approaches thermostat operating temperature Tl' Before whenever [ cooling 
solution temperature ] reaches thermostat operating temperature Tl', a part of coolant is circulated 
between a radiator 4 and the ion-exchange machine 5. After the ion-exchange machine's 5 having 
removed the ion which exists in the coolant with the high conductivity which was piling up in a 
radiator 4 and the coolant piping 24 and 25 and reducing the ion concentration of this coolant, it was 
made to switch to the coolant circuit of a pyrosphere. And with the gestalt of this 2nd operation, one 
thermostat bulb 3 and the closing motion valve 6 by which closing motion control is carried out with 
a temperature sensor 7 are used as a means for realizing this. 

[0033] Hereafter, it explains, referring to the drawing of drawing 9 for the flow of the coolant from 
drawing 6 along with transition of whenever [ cooling solution temperature ]. Drawing 6 has the 
coolant in a low-temperature region, and shows the flow of the coolant in case whenever [ cooling 
solution temperature ] is below T3. At this time, the thermostat bulb 3 and the closing motion valve 6 
are all in the close-by-pass-bulb-completely condition. Therefore, the coolant circulates through the 
coolant circuit in a low-temperature region. While the coolant circuit of a low-temperature region is 
the same as the case of the gestalt of the 1 st operation and the coolant circulates through a fuel cell 1 
through coolant path inlet-port lb of the coolant path outlet la-> coolant piping 21 -> coolant-pump 
2 -> coolant piping 22 -> thermostat bulb 3 -> coolant piping 23 -> fuel cell 1 of a fuel cell 1 , a part 
of coolant circulates through the ion-exchange machine 5 through the coolant piping 26 and 28 and 
an orifice 27. 

[0034] Next, in a low-temperature region, whenever [ cooling solution temperature ] exceeds T3, and 
in below thermostat operating temperature Tl 1 , as for the thermostat bulb 3, a close-by-pass-bulb- 
completely condition is held, and only the closing motion valve 6 will be in an open condition. 
Drawing 7 shows the flow of the coolant at this time, a part of coolant which flows the coolant 
piping 22 by valve opening of the closing motion valve 6 flows for the coolant piping 24, and the 
coolant comes to be introduced into a radiator 4 while it circulates through the coolant circuit in the 
low-temperature region mentioned above. Consequently, the coolant with ion concentration high in 
comparison which was piling up in a radiator 4 and the coolant piping 24 and 25 before the closing 
motion valve 6 opened Pass along the coolant piping 41 and the closing motion valve 6, and it flows 
into the coolant piping 26 of the upstream of the ion-exchange machine 5. It will be mixed with the 
coolant with low ion concentration which faces to the ion-exchange machine 5 through the coolant 
piping 26 from the coolant piping 23, and will be introduced into the ion-exchange machine 5, and 
deionizer will be carried out with the ion-exchange vessel 5. Therefore, ion concentration can be 
reduced, without making the coolant with ion concentration high in comparison which was piling up 
in a radiator 4 and the coolant piping 24 and 25 flow into a fuel cell 1 , before the closing motion 
valve 6 opens. 

[0035] before [ in addition, ] whenever [ cooling solution temperature ] reaches thermostat operating 
temperature Tl 1 — the coolant in a radiator 4 and the coolant piping 24, and 25 ~ whole-quantity ON 
******** — it is desirable to set operating temperature T3 of the closing motion valve 6 as 
predetermined beforehand, to set up the amount of cooling liquid flows which flows the coolant 
piping 41 like, and to form flow rate limit means, such as an orifice, in the coolant piping 41 if 
needed. 

[0036] And if whenever [ cooling solution temperature ] exceeds thermostat operating temperature 
TT, the thermostat bulb 3 will carry out valve-opening actuation, and if whenever [ cooling solution 
temperature ] becomes more than T2 further, the thermostat bulb 3 will be in a full open condition. 
In addition, the closing motion valve 6 maintains an open condition in the meantime. Drawing 8 
shows the flow of the coolant at this time, and the coolant circulates through the coolant circuit in a 
pyrosphere. The coolant circuit of a pyrosphere is the same as the case of the gestalt of the 1st 
operation. The coolant While circulating through a fuel cell 1 through coolant path inlet-port lb of 
the coolant path outlet la-> coolant piping 21 -> coolant-pump 2 -> coolant piping 22 -> coolant 
piping 24 -> radiator 4 -> coolant piping 25 -> thermostat bulb 3 -> coolant piping 23 -> fuel cell 1 
of a fuel cell 1 A part of coolant circulates through the ion-exchange machine 5 through the coolant 
piping 26 and 28 and an orifice 27. Moreover, since the closing motion valve 6 is open, a part of 
coolant which flows the coolant piping 25 flows to the ion-exchange machine 5 through the coolant 
piping 41 and the closing motion valve 6. 
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[0037] Thus, a fuel cell 1 can be made to circulate through the coolant with low (that is, for 
conductivity to be low) ion concentration from from, since the inside of a radiator 4 and the coolant 
piping 24, and 25 was already changed to the coolant with low ion concentration and the whole 
quantity has become the coolant with low ion concentration in the cooling-fluid-flow system, when 
the coolant begins to flow the coolant circuit of a pyrosphere immediately after moving to a 
pyrosphere. Therefore, according to the cooling approach of the fuel cell in the gestalt of the 2nd 
operation, in all the temperature regions of the coolant, the insulating engine performance of the 
coolant in a fuel cell 1 can be maintained in tolerance. 

[0038] By the way, although the closing motion valve 6 is continuing introducing into the ion- 
exchange machine 5 a part of coolant which holds a valve-opening condition and flows the inside of 
the coolant piping 24 and 25 in this example even if whenever [ cooling solution temperature ] 
becomes a pyrosphere exceeding thermostat operating temperature Tl' After the ion concentration 
(or conductivity) of the coolant which has passed along the radiator 4 falls to a predetermined value, 
it is not necessary to make the coolant introduce into the ion-exchange machine 5 through the 
coolant piping 41 originally. 

[0039] Then, in the coolant piping 41, the conductivity sensor 8 for detecting the conductivity of the 
coolant which flows the inside of the coolant piping 24 and 25 is installed in the upstream of the 
closing motion valve 6, when the conductivity of the coolant detected by the conductivity sensor 8 
becomes below a predetermined value, the closing motion valve 6 is closed, and you may make it 
suspend the deionizer processing which is made to circulate through the coolant and carries out 
deionizer between a radiator 4 and the ion-exchange machine 5. If it does in this way, and the 
amount of the coolant through which it circulates, without passing along a fuel cell 1 among the 
coolant cooled by the radiator 4 can be decreased and it will put in another way when the coolant is 
in a pyrosphere, the amount of the coolant through which it circulates to a fuel cell 1 among the 
coolant cooled by the radiator 4 can be increased, consequently the refrigeration capacity to a fuel 
cell 1 can be raised. 

[0040] [Gestalt of the 3rd operation] Next, the gestalt of implementation of the 3rd of the cooling 
approach of the fuel cell concerning this invention is explained with reference to the drawing of 
drawing 12 from drawing 10 . The basic principle of the cooling approach of the fuel cell in the 
gestalt of the 3rd operation is the same as radical Motohara ** in the gestalt of the 2nd operation, and 
both difference is in the implementation means, namely, in the gestalt of this 3rd operation as well as 
the case of the gestalt of the 2nd operation when whenever [ cooling solution temperature ] 
approaches thermostat operating temperature Tl' Before whenever [ cooling solution temperature ] 
reaches thermostat operating temperature Tl 1 , a part of coolant is circulated between a radiator 4 and 
the ion-exchange machine 5. Although it switches to the coolant circuit of a pyrosphere after the ion- 
exchange machine's 5 removing the ion which exists in the coolant with the high conductivity which 
was piling up in a radiator 4 and the coolant piping 24 and 25 and reducing the ion concentration of 
this coolant As a means for realizing this, two thermostat bulbs 3 A and 3B by which thermostat 
operating temperature differs are used with the gestalt of the 3rd operation. 
[0041] In the cooling structure of a system of the fuel cell in the gestalt of the 3rd operation, 
difference with the gestalt of the 2nd operation is explained with reference to the drawing of drawing 
12 from drawing 10 . In addition, the same sign is given to the same mode part as the gestalt of the 
2nd operation, and explanation is omitted. 2nd thermostat bulb 3B is equivalent to the thermostat 
bulb 3 in the gestalt of the 2nd operation, and this 2nd thermostat bulb 3B is connected to the coolant 
piping 22 of the lower stream of a river of a coolant pump 2, the coolant piping 25 of the lower 
stream of a river of a radiator 4, and the coolant piping 23 connected to coolant path inlet-port lb of 
a fuel cell 1 like the gestalt of the 2nd operation. 

[0042] And the coolant piping 24 of the upstream of a radiator 4 is connected to the 1st valve chest 
34 of 1st thermostat bulb 3 A through the coolant piping 42, and the coolant piping 25 of the lower 
stream of a river of a radiator 4 is connected to the 2nd valve chest 35 of 1st thermostat bulb 3 A 
through the coolant piping 43. Moreover, the 1st valve chest 34 of 1st thermostat BARUPU 3 A is 
connected to the ion-exchange machine 5 through the coolant piping 44 equipped with the orifice 27. 
In this 1st thermostat bulb 3 A, the direction of the coolant piping 42 is opened and closed by the 
valve element 37 among the coolant piping 42 and 44 connected to the 1st valve chest 34. 



JP,2003-123813,A [DETAILED DESCRIPTION] 



Page 9 of 1 0 



[0043] Moreover, although thermostat operating temperature (2nd thermostat operating temperature) 
Tib 1 of 2nd thermostat bulb 3B is the same as the thermostat bulb 3 in the gestalt of the 2nd 
operation, thermostat operating temperature (1st thermostat operating temperature) T la 1 of 1st 
thermostat bulb 3A is set as temperature lower than thermostat operating temperature Tib 1 of 2nd 
thermostat bulb 3B (Tla^Tlb*). Thus, in the constituted cooling system, the function which 2nd 
thermostat bulb 3B switches to the coolant circuit of a low-temperature region and the coolant circuit 
of a pyrosphere is achieved, and 1st thermostat bulb 3 A achieves the function of the closing motion 
valve 6 in the gestalt of the 2nd operation, and a temperature sensor 7. 

[0044] Hereafter, the flow of the coolant is explained along with transition of whenever [ cooling 
solution temperature ]. Drawing 10 has the coolant in a low-temperature region, and shows the flow 
of the coolant in case whenever [ cooling solution temperature ] is below thermostat operating 
temperature Tla' of 1st thermostat bulb 3 A. At this time, the thermostat bulbs 3 A and 3B are all in 
the close-by-pass-bulb-completely condition. Therefore, the coolant circulates through the coolant 
circuit in a low-temperature region, the coolant circuit of a low-temperature region — the case of the 
gestalt of the 2nd operation — the same — the coolant — coolant path outlet la-> coolant piping 21 -> 
coolant-pump 2 -> coolant piping of a fuel cell 1 — it circulates through a fuel cell 1 through coolant 
path inlet-port lb of the 22 -> 2nd thermostat bulb 3B-> coolant piping 23 -> fuel cell 1 . Moreover, 
it is introduced into the 1st valve chest 34 of 2nd thermostat bulb 3B through the coolant piping 24 
and 42, and further, after a part of coolant which can come, simultaneously flows the coolant piping 
22 is introduced into the ion-exchange machine 5 through the coolant piping 44 and an orifice 27 and 
deionizer is carried out with the ion-exchange vessel 5, it is attracted by the coolant pump 2 through 
the coolant piping 28, and circulates. 

[0045] next, a low-temperature region — setting — whenever [ cooling solution temperature ] — 
thermostat operating temperature Tl a 1 of 1st thermostat bulb 3 A — exceeding ~ and thermostat 
operating temperature Tib 1 of 2nd thermostat bulb 3B — if it becomes below, 2nd thermostat bulb 3B 
holds a close-by-pass-bulb-completely condition, and only 1st thermostat bulb 3 A will be in a full 
open condition. A part of coolant which the coolant will not flow from the coolant piping 42 to 1 st 
thermostat BARUPU3A by drawing 1 1 showing the flow of the coolant at this time when 1st 
thermostat bulb 3 A will be in a full open condition, while the coolant circulates through the coolant 
circuit in the low-temperature region mentioned above, instead flows the coolant piping 22 flows for 
the coolant piping 24, and it comes to be introduced into a radiator 4. Consequently, the coolant with 
ion concentration high in comparison which was piling up in a radiator 4 and the coolant piping 24 
and 25 before the closing motion valve 6 opened will flow into the ion-exchange machine 5 through 
the 2nd valve chest 35 of the coolant piping 25 and 43 and 1st thermostat bulb 3 A and the 1st valve 
chest 34, the coolant piping 44, and an orifice 27, and deionizer will be carried out with the ion- 
exchange vessel 5. Therefore, ion concentration can be reduced, without making the coolant with ion 
concentration high in comparison which was piling up in a radiator 4 and the coolant piping 24 and 
25 flow into a fuel cell 1, before 2nd thermostat bulb 3B opens. 

[0046] before [ in addition, ] whenever [ cooling solution temperature ] reaches thermostat operating 
temperature Tib 1 of 2nd thermostat bulb 3B — the coolant in a radiator 4 and the coolant piping 24, 
and 25 — whole-quantity ON ******** ... it is desirable to set thermostat operating temperature Tla 1 
of 1st thermostat bulb 3 A as predetermined beforehand, and to set up the amount of cooling liquid 
flows which flows the coolant piping 44 like. 

[0047] And if whenever [ cooling solution temperature ] exceeds thermostat operating temperature 
Tib' of 2nd thermostat bulb 3B, the 1st and 2nd thermostat bulbs 3 A and 3B will all be in a full open 
condition. Drawing 12 shows the flow of the coolant at this time, and the coolant circulates through 
the coolant circuit in a pyrosphere. the coolant circuit of a pyrosphere — the case of the gestalt of the 
2nd operation — the same — the coolant — coolant path outlet la-> coolant piping 21 -> coolant- 
pump 2 -> coolant piping 22 -> coolant piping 24 -> radiator 4 -> coolant piping of a fuel cell 1 — it 
circulates through a fuel cell 1 through coolant path inlet-port lb of the 25 -> 2nd thermostat bulb 
3B-> coolant piping 23 -> fuel cell 1. Moreover, a part of coolant which can come, simultaneously 
flows the coolant piping 25 is introduced into the ion-exchange machine 5 through the 2nd valve 
chest 35 of the coolant piping 43 and 1st thermostat bulb 3 A and the 1st valve chest 34, the coolant 
piping 44, and an orifice 27, it is attracted by the coolant pump 2 through the coolant piping 28, and 
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circulates. 

[0048] Thus, a fuel cell 1 can be made to circulate through the coolant with low (that is, for 
conductivity to be low) ion concentration from from, since the inside of a radiator 4 and the coolant 
piping 24, and 25 was already changed to the coolant with low ion concentration and the whole 
quantity has become the coolant with low ion concentration in the cooling- fluid-flow system, when 
the coolant begins to flow the coolant circuit of a pyrosphere immediately after moving to a 
pyrosphere. Therefore, according to the cooling approach of the fuel cell in the gestalt of the 3rd 
operation, in all the temperature regions of the coolant, the insulating engine performance of the 
coolant in a fuel cell 1 can be maintained in tolerance. 

[0049] Gestalt] of operation of others [ [ ] In addition, this invention is not restricted to the gestalt of 
operation mentioned above. With the gestalt of operation mentioned above, in any case, the ion- 
exchange machine is connected in juxtaposition to a fuel cell, but even if it connects an ion-exchange 
machine to a serial to a fuel cell, this invention is materialized. 
[0050] 

[Effect of the Invention] Even if the ion concentration of the coolant in a heat exchanger becomes 
high according to invention indicated to claim 1 when whenever [ cooling solution temperature ] is 
below thermostat operating temperature so that it may explain above Since a fuel cell can be 
supplied after mixing this coolant with the coolant which lowered ion concentration beforehand and 
thinning ion concentration It can prevent that the coolant of high ion concentration is introduced into 
a fuel cell, and the outstanding effectiveness that a fuel cell can be maintained at the condition of 
having been stabilized electrically is done so. 

[005 1 ] When whenever [ cooling solution temperature ] is below thermostat operating temperature, 
even if the ion concentration of the coolant in a heat exchanger becomes high according to invention 
indicated to claim 2 Since ion can be removed out of the coolant with said high ion concentration by 
the time whenever [ cooling solution temperature ] reaches thermostat operating temperature, and ion 
concentration can be reduced The very low coolant of ion concentration can be introduced into a fuel 
cell from from immediately after circulating the coolant between a fuel cell and a heat exchanger, 
and the outstanding effectiveness that a fuel cell can be maintained at the condition of having been 
stabilized electrically is done so. 

[0052] Since according to invention indicated to claim 3 the amount of cooling liquid flows which 
the coolant is no longer introduced into an ion-exchange machine from a heat exchanger, and comes 
out of a heat exchanger and is introduced into a fuel cell can be increased after the conductivity of 
the coolant fell below to the predetermined value, it is effective in the ability to improve the cooling 
engine performance to a fuel cell. 

[0053] When whenever [ cooling solution temperature ] is below the 1st thermostat operating 
temperature, even if the ion concentration of the coolant in a heat exchanger becomes high according 
to invention according to claim 4 Since ion can be removed out of the coolant with said high ion 
concentration by the time whenever [ cooling solution temperature ] reaches the 2nd thermostat 
operating temperature, and ion concentration can be reduced The very low coolant of ion 
concentration can be introduced into a fuel cell from from immediately after circulating the coolant 
between a fuel cell and a heat exchanger, and the outstanding effectiveness that a fuel cell can be 
maintained at the condition of having been stabilized electrically is done so. 
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* NOTICES * 

iTPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a system configuration Fig. in the gestalt of the operation of the 1st of a fuel cell 
system which can enforce the cooling approach of the fuel cell concerning this invention, and is 
drawing (that 1 ) showing the flow of the coolant in a low-temperature region. 
[Drawing 2] It is a system configuration Fig. in the gestalt of said 1 st operation, and is drawing (the 
2) showing the flow of the coolant in a low-temperature region. 

[Drawing 3] It is a system configuration Fig. in the gestalt of said 1st operation, and is drawing 
showing the flow of the coolant in a pyrosphere. 

[Drawing 4] It is drawing for explaining actuation of the thermostat bulb used in the gestalt of said 
1 st operation. 

[Drawing 5] It is the flow-characteristics Fig. of the thermostat bulb of said 1st operation. 
[Drawing 6] It is a system configuration Fig. in the gestalt of the operation of the 2nd of a fuel cell 
system which can enforce the cooling approach of the fuel cell concerning this invention, and is 
drawing (that 1) showing the flow of the coolant in a low-temperature region. 

[Drawing 7] It is a system configuration Fig. in the gestalt of said 2nd operation, and is drawing (the 
2) showing the flow of the coolant in a low-temperature region. 

[Drawing 8] It is a system configuration Fig. in the gestalt of said 2nd operation, and is drawing 
showing the flow of the coolant in a pyrosphere. 

[Drawing 9] It is the flow-characteristics Fig. of the thermostat bulb used in the gestalt of said 2nd 
operation. 

[Drawing 10] It is a system configuration Fig. in the gestalt of the operation of the 3rd of a fuel cell 
system which can enforce the cooling approach of the fuel cell concerning this invention, and is 
drawing (that 1) showing the flow of the coolant in a low-temperature region. 

[Drawing 1 1 ] It is a system configuration Fig. in the gestalt of said 3rd operation, and is drawing (the 
2) showing the flow of the coolant in a low-temperature region. 

[Drawing 12] It is a system configuration Fig. in the gestalt of said 3rd operation, and is drawing 
showing the flow of the coolant in a pyrosphere. 
[Description of Notations] 
1 Fuel Cell 

4 Radiator (Heat Exchanger) 

5 Ion-Exchange Machine 
8 Conductivity Sensor 
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[0 0 0 9] WalW3fce«LfcJW!«U BI*aS2^ffi 

(Will «»-reH16<o«ll6lw*5Jt6*B*ir^ 
■0-8) SrRJt, »«*3ftS)5f3eilKT^«TLfcl»tt. M 

^ms* fc -< a- n -eft *p« *»« s * 5 >r * v 
[0010] »**4icEttu^«iw^ mwnm m 

<OJgffi^ft6-r^-^2fif»»5) Sr. ft£Pf£flf«3W-R 

it. ftaiSias^sioi^-^e^^ix hfmm.m&LTx 
ts ftaifS^^-f *>-£i*3rU »a«ta« * s fB 1 

[00 11] 

nife u tzmmx*> z 0 

[0012] m 1 <D$ZM<DJ&ffi) ^<n$£W\^ 



(4) 
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[0 0 13] st, :w«fitftim mrts-tr^u- 

51 Six. ft&fctfv^T-^iESixfcSL »attEff2 

ftaaaafl' 23^ LxMti i <D#ii$&m&A n i 
bic^A^ix, «mm«i 1 rtfc»a«sa*«ttixfc«, 

[00 14] IkKs iimw&i<o79t&m<DmM^M^^ft 

«m«»ioffia««isajp 1 a^&twa**b. 

tti- 5 ftSWESEf 2 4 u r 9 ^ * - 4 $ ti 

§£T-£>5 e 9v ? ^^-4(cJ:!9ftaiSixfc^a3^IL » 

ix. S JcME»:9«El s 2 3Sr*LT«»«ai©ft 
£Pi£iS3§AP 1 Mc*|A£ix. tf^i"5o 
[0 0 15] Sfc. (K«a«i3j:t5S5ifi«oi^i'ix<o«Ffr. 40 
t>, 18 1 *s £0*12 3 K^-f J: 5 ic, ftaf&iBi' 2 3 £«t 
ix<5ft£P?£o— asii, ffi£P«SB«2 6^5J:t/^-y 

2 7^tx>r 2i-xSf»S5ic*ASix-5o -r^y^ 

fc»a«ttfta«BE« 28^ LTftSfSiBff 2 1 I^M 

six. »ai«^>'7 f 2^fa5isixra«i-5 0 » 
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[0016] roj;?!::. !Bi<0||3fe(O«ffi©ftaieii 

ml 1 sr««-rs»aif«o>r ^^s^^^ti^x. 

[0017] r <0» 1 ^liJfiO»lfiJ-ibMt5ftai^^^ 

HBL-CttWi-5o *- ^e*** h^/K/SCt, ^fr^v 
^3 1 Ort«^*ja*ixTt^#K!6S, fKD4E3 3Jcj: 
oTSl#i3 4 t$2#!3 5<D2oeDa5St^tt<b 
ixT&tK S&fc. Jgl#^3 4 £fg2#^3 5£»il 
"r5f±^0tS3 3(7?5gil7l3 3 a &fr»3 7lC£oT»3i 

*5 9, »aWds*-*^^y hof«6ja« (HT, *- 

Id&^BfKCt, #*3 7^4 (A) H^ti ?|:iigil 
?L3 3a4:Bi£L (J^Tx £tf>ttffiS:£BMfcffi£^ 

tettfft&mumizfrzmia-x. ##3 7#H4 (o 

l^-r<t 5 C1%97L3 3 a ^e>BIFfl"r 5 (j^t. 

[0018] * Lt, S 1 #^ 3 4 iCftSJ^IB^ 2 2 , 

2 3 S ;h„ 12 #^ 3 5 (Cfta^SBl 5 2 5 j&s ttft 

r^s»&jctt. fta«ia«2 2^e>»i#^3 4«r«c 

AUfcftaJ*^ft^gHl : 2 3^ii«ttit5. rot 

IBfcftSfcft, »»aflE»2 5lc»ai*dS«Ett5Ci:tt 

[0 0 19] £fc. ftfliftd^iSfflWrfcoT*— 
jy h/</W5 f 3*SH4 (C) ^i-^BBttJ8lc>io-Cl^5 
^{Cli, ftaffiffi^2 575>P>^2#^3 5lCffiAUfc 

ft*P«*sftai«iB*2 3 — t«ffl-r5 0 

3 7*5fta?Sffi«2 2(Ogl#t34^SAP2 2 a 

2 2A*fc$Bl#S3 4JcSKAi-5wttt*U\ 

f-^^^s/h/W3lt 3 7 T*iS31?L 3 3 
a t ftiP^iEW 2 2 OS A P 2 2 a £igia£> 5 1 Mi JS»T 

t5r iricJ: "9, ?&a«[H]Bo«J!!)»^S:fToTU^. 
[0 0 2 0] <bl5T% »afS^iftiattlifc6«Firtt. 



ftafSEf2 4, 2 5im»9fft^jttt-r»SL-Ct^ 

7> ? 3i^-4*5j:t^fta*SE*2 4, 

2 5izBwisX\,^mm>m<om^#immt>K ttmmm'g 10 

[0 0 2 1] ^tt[c^-T5fci6l^ 1 (D^iSo 

i frn^mtemmztti \z^tz 9 ^it, 7^ 

SEW 2 2 a><bSS 1 #^ 3 4 K8fcA-rs»ai*i«fl:Q 1 131 

$$mmmQ 2 commit (q2/qd ^tiiitoT^ 

0. 13 4 (A) \Z7jk-f±mVtm (Q2 = 0) T-tt«t*hfc 

0%. m4 (c) i^^r^BBttffi (qi=o) -ewsE* 

it 1 0 0%£ L/Co 
[0 0 2 3] ^^f- h^<^^3CD^fi4#tt 

^/ hf^tbtagT 1 J: D fcj^£S«ffi^fi«T 0£Ui-T?S> 

icK^sturi^o tut, #a«i&ffij&STOtt±ic/* 
t i %&jLz>hffi&tt&&&M\zm*:i'. m.mr2izm 

-fZ>t±M\ZteZ>£ olzWtfeZtlX^^Z (T0<T1< 
T 2) 0 

[0 0 2 4] Z<D£ot£ffi&ft&$:&-rZ>'V—*rX?V 50 
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b^/^3X*n. ^«ff»«a««lw*3^-C. 134 (B) 

fc«-J- J: 5 i- v #*3 7 f*igil?L 3 3a ^hMMzttti 
TigiiTL 3 3a Sr^TM^S t t fc tc. ?&aii8Sa« 2 
2 O^SAP 2 2a ^6+^t-StttTScAP 22a 
<BH^6a AMftiB*2 2^*>*«cfi-eSfS 

l#t3 4i:«ALfc»a«t, ffia«K*2 5j&>e>» 
2 #^3 5S:^UT»at*X-SB 1#^3 4fc8fcALfcft 

il^^nfc^T^afglEl c 2 3^ffitB-T6o 
[0 0 2 5] Lfcj&SoT, ft3ilfifT0^T^i 

^l^T<5£. 0 2l^fJ:9C T OS* 

T^t#C7^^-4 Srif HI LT«»*«fi 1 L 

4, 2 5JC*SUTl^fc>f ^»«<OhtlfeWfciBl^a 

[0 0 2 6] ^UT. ro^HHf^Bia««^Mt. 

i^SSl 5 2 3 ^an^ftai^-^^ft^iEf 1 26^ 
UX-f ^-V5S»»5tcaiAStb6<OT-. WIEft-&«C0?& 

Si«o-»rtL*8»«» 1 iciSfcAi-5miw^^^3f»» 5 
[0027] tu, ft^tas^-^e^^ i/ hf£8b 

r^S T 1 iCii L /c^rl^ 7iS^<? — 4&£ Xf 2 
4,25 rt^»a«dS(Sia««*a«l- Atuff *>5 <fc 5 

[0 0 2 8] m 2 <omi&(Oj»m} 

BcDmffi&pmuxi&w-rzo @6^^@8fi S2^) 

j«ft<0 JBffi *5 6 *R»«?fe<0 ft»>xfA 
H-e*>5o *2 0||J6^?Bffilc*5Jt5«R»«»^»a^ 



(6) 
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s-r e & us* t o a d -e*> 5 . 

[0 0 2 9] |g 2 OUKWJgffiT-tt. 0 9 tC^-T £ 5 ft 
MEJHW***"*-**- **** h/</^3*sttffl**LT 

fiTT SrttASfcBSiaiK^ftoTv^x, ^fWiiflit 

1' £@;t<5<!:. »ifW»lc±B«IB^e>^BIl«»^ft 
y 3^iSC±?5fc^. ffifiliftE^ 6(CjSft<5:*-y 

2 7 £.*f *>-&m&5 knWMK &*fcBBH#6 
[0 0 3 0] S^lC, »SI?SIB« C 2 3^*3^-C*R»«?6 

^WSttfcftSifKffikdST 3 £ # icttMBB* 6 

LT:fc< (T3<T1' <T2) B ^<Dftfetf)*8$;Koi> 

[0031] m2<Dmfa<DMmiz&rtz>mnmt& 
(D#>$i&m^\,^xmw~fz>o m2<onm<omm^^ 

-4*iEigur«S3|sf*»i*aair5<fc5J-actt. 

mzi*7i?=-fi--4}SJ:Xfi?b&i&B?g2 4, 2 5l:(^ 
S*** — 4i3j:t*ffi»iKEl s 2 4, 2 5^^fty« 

mu »s Lti^^^ tysg^ii^ 5 , mm 

**P«B«2 3*iIoT*»;i*R**«Jfil 

[0 0 3 2] rftirtt^-T 6 fc :(OS2(Olfi^) 
Ulifi-5^fcB*l^ -rftt>*>. »ai«fflft^-^e^^y 
*-4 t>f ^V«»»5^)BBT-«aiS^ 7i^*-4 

*5«tt/?&afSiE»2 4, 2 5M®trt^i^ 
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m-rsfc^xo^i: it, co^2cD^o^®r*»i, 

1 oo-tf— ^e** ^/ hy</u^ 3 iaSi?>^7ir £ K> 

[0 0 3 3] £JtT. ftaiiM^Ifl:^otftMo 
StttSriae^ejHS^HffiSr^figLft^^KM-rs. El 

10 «gi-ftori>6o ufc^oT. ftaaii, fcwm^tert 
jpfmm 1 zm^-tz 1 1 1 SBisftaasa 

f 2 6, 28, ty7-f^2 7*aot^tyX»S5 

[0 0 3 4] te^SctC^o^T^^S^T 3^ 

20 j&;t_§_ol?— ^r** y hf£»i&«T 1 ' £TF 

=e^^y h^/^3tt^EB«ffiS:««Us P^#6 

f22 &mti&tt&&<D-m*tt&iem t g 2 4 ic«tttr 

7^^-4(C#AS^-5«t 5(-ft-5 0 -^^^^ 
# 6 ^S#t5i!fl:7^x^-4 # J:OTfr£p«E« 2 

4, 2 5t^@LTl^-r^V»Sotb«Wtwil5V^ai 

30 ^5 <d ±.m<oibm6gtfg 2 6 izffitiv,^ #>mmm<w 2 

^-4^ < t^^iai c 2 4, 2 5l:f@UP^t 

^>C<!rft<, ^»«S:fiTS*5Ci*5f#S. 
[0 0 3 5] ft*3. ^ais^t-^^^ ^ hf^ffeia 

in' icif-rsstriw, 7^^-4*5j:^ftSJ?Kiafl s 

40 2 4, 2 5rt<o»aJfK* s ^*Aixeto5 

BB#6<^fW)b«aST3S:m®-K^U ^aJf^i£l : 4 1 

[0 0 3 6] ^Lt, fta««afi*5*-^-^^ y hf^tt 

f^ffi&u se>i-»ai«taK*sT2«±^ftst, i^-^ 

^^s/ h^/^3ds±BBttffi»cft5. ft£u C^Pfl. gfl 



(7) 
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&tmcx~*>v, ft£P&n. ^m^io^^iisgtti 

P 1 a -►ftiPi&ISW 2 l-+#iM&#l'7'2->#>n%i& { g 
2 2^ft£P*£iS<l : 2 4-±7i?^# — 4->ft£flf&IEi c 2 5 

i ^a^iissAP i b^iioTMsnn &mm-tz> 

khhlZ, #>&&<D-$M'Z#iMmm t g 2 6 , 2 8, * 

I^#6#[I^T^6C0T% ft3«gS^2 5£«t;ft,5ft 
SI?SC0- Sfl ^ftSJiF&IE!^ l*5j:t/^^#6^^UX^ 10 

[0 0 3 7] Z<D£ ?\Cftm&fcM^m<D#>Mm\s}&% 
WLMhtb Z> t # lcfl s 7^^-4:fcJ;tfft^geW 2 
4,25 ^lili:^ tySS^fiv^g^CAntbo 

[0 0 3 8] i:r^>T\ ^<DMXn, 

y hfEftf&gT 1' ^^TiSi&^tC^oTtf^ 
F^#6fi^#«^^r^L. ft£P*£IB1f2 4, 2 5^ 

5KL-0><5#, ^i/zn^-4 £iIoT#fcft£{]?&?M 

fl. ft^PffciS^ i^lt^ty^5l:ft 

[0 0 3 9] *ZX\ fta^fSt^ 1 lZ&\,^Xfflfflfr6 30 
<D±ffi\ZL x ft£P*£ga! t 2 4, 2 5ft&ffitlZ>#il$&<Dm 

irV^8T-^aiUfc^^O^m^0f^fi«Ti-^o 

co n t-^^ srfgat £ itx 4 * ^m^-r z ^ * 

3aSrf?Jh-r5J:5lcL-Ct r<D J: 5 i . ft 

- 4 j: or ftaj^^cft»?gco 9 -<b«£fm?& 1 « 

mMl \zttTZ>#i%imt)Zfa±2 J ltZ>Z- k&X£Z> 0 

[0040] m 3 (Dtmomm c^wcs 

*2o**^«jB^»&i:ra*i^ ft£P?£t&« 
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5 ^^*-4:fcJ;tfft£Pf£gBl c 2 

4, 2 5^»aLTt^»«^i«i^aa[*jcfiFaE-r 

[0 0 4 1] «3 0?Slifi(^?effilC*5JtS«S<sfa?6o?&*P 

^^^(dmj&ic^^x. wt2<Dmfa<oMmk<Dftm& 
sb 2 o^jgco^^ t ra— ffiara^^«ra-w -?-s:f+ it 

2^>HJfi<OJgJfi(i*5Jt'5-?— ^e^^sx h/</u^3^ti^ 
fl. »2coHJ6co^irl^^ l^mm^^2<oTm<r> 

ifcmm&M 22h 7 v 5 ^ * - 4 coT^coft ai^gsw 2 

a^SE^ 2 3 |-^^ttT^5o 
[0 0 4 2] ^rUT. 7^^^-4C0±*coftiP«IBf ; 
2 4«ft£U^gai c 4 2^Ltf lf-^^y h^</i- 
^3 AC0^1#^3 4figg«Stt s 7^^-460^ 
cOftiP^gSf^ 2 5 fiftfilf&gfi'f 4 3^USl i^-^e 

5/ h/V^3AOg2#l3 5tCffiJjfcStLT^So 
^fc, fill?— ^e**-/ h/VU^3AC0^1#^3 4 
fi x 7j*2 7*mttft>nmi { g4 4*:ft\^X'< 

^^^msizmm^thxi^o z^mi^-^e^^ ^ 

3^gBW4 2 > 4 4cD^^ftaiiKgai c 4 2<0^s#ft:3 
[004 3] ^/c, I2t- y h^</^^3 BcO-^ 

S) Tib' liSB2^HJ6<ojg«8Jc*3«-5*- ; e^^ y 
h^/i-^3 tmCX*>Z>ifi. mi -V—*** y Y/<fr-f 

f^lbrMS) Tla' li®2^-^ex^ h/</u^3 bco 

S*LTU>5 (Tla' <Tlb' )c roj:9l-1H^c$ 

^ 3 b #fiffi«<7)?fraifc[H)a £ K«a«<o»aisifiiK^«j 

35 s * 2 (DHffiOJBfflfc*5*t SBBBB* 6 <t is? 7 <r> 

[0044] £xt. ftmi&iR]g<nmmzfe<>xtt>m}&<D 

^U^6 0 I^CIi, -fr—^Tto&y h/<;P^3A, 
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ft&mn. mmmm 1 <D#>M&m&&Q 1 a -*#>mmm 
1 2 l^ftmmtf^y 2 2 2->i2t^ 

K'</U:/3B^ft2«afflB*2 3^JR»ttftlOft 
£P?£i§S8An 1 bSriioT*8»«ftl £Mghr6o * 

$M>h ?$£Pf£gaf : 2 4 , 4 2S:IotS2f-^^5/ 
h 3 B 1 #i 3 4 1^9 A ^ tt, 

f£gEl c 44, ^-y^-r^2 7SriioT-f ^"VXSI»5^ 

f£ga^2 8$:^UT^£P?S^^2^5I$^ M^T 

[0 0 4 5] fiffl«Jw*3^Tft9««affd5fgif- 

*y h^^3Bf±^B3ttffi*:«»U, fgi^-^e** 

tt^^f^O-^fta^gai 5 2 4lC«fch/C9i***-- 

T5M^7> ? ^^-4^J:^£P^gEl c 2 4, 2 5l:» 

Ef 2 5, 4 3, mi-*— *X?y h/*/K/3 A(DgS2 
#!3 5^J:t;il#l3 4, ft«f4 4, ty7 
^*2 7SrffloT>r^-^X«»5^«f£ix5i^ ^:*->3£ 

T\ » 2 ix h/</K/3 BdSBH#-r5litrtw7 5* 

^ * — 4 ;fc J: WfrSaSBfl' 2 4, 2 SKrJffgL-O^cf 

[0 0 4 6] ft*5, »afefflfi*S» 2 ^— =e^i?y 

^3 b wt-^x^ ^ hffaiafiT 1 b ' izmrzitt 

i/5^tAixfb5«J:9i:, f-ftfti 1 ■ =e** y h'< 

/^3 A^t-^^ y hfSlllST. 1 a ' frgfje^K 

jeu »a«s»4 4*«e^5»a«st«s:»^i-6^ 

[0 0 4 7] * it, ft*P«iaff^lB 2 ^e;** h 

^</uy 3 BW-^X? y hftm&mT 1 b ' iSr8x5 

tt^^^^iw/^^o 1a 1 2iirc7)^ftaj?g<^^$: 



a~*#i$$m& l g2 i^^m^>y2^mmm ( S2 2 

-^SJJf&IS!' 2 4->7v?x^-4 ->#£Pf£IE<f 2 5 
2-$—*:** y h^/V-y 3 B^ai^gBf ; 2 3->$^m 

» 1 (Dftm&m&An l b S:iio-c*8»a;?fe i 

m<0—&j)*K ftatf&iS'f 4 3 . gSllJ— ^e-X* y h^/W 

/3A^)f2#i3 5ioJ;r/Il#i3 4, ftfliSiaff 

4 4, a-i/ ^-r^2 7 Z^X^ 5lC>gA£ 

[0 0 4 8] C^J:5(c?fta«^i*?fl«^fta«lH]a5«: 
iJEtt*6a?>5t#^tt s 7v ? ^^-4*5j;t/?&ai«iBl s 2 
4 , 2 5 p*Hig!Efc*f ^afl^ffiv ^mmc Afrlfibo 

L/c^oT, S&3 0H;&6<a 

[0049] m<Dnm<oj&ig} z<D¥&wnmm 

[0 0 5 0] 

t*ST?#5<or% KR»«ft^jB-f 

[0 0 5 1] »*fl2^ffi«feLfe»M(CJ:^tf, ^SJ?S 

[0 0 5 2] HI**3lcSE«6Ufc38WirJ:^tf, ?ftajfg 

a Tmwaft^wAStt-s sr^-rr t &x 
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[0053] si*:3S4 (csEtto^pjjc x ti&. ?fta»fseia 

[Bi] co»«jc«s*IWWt^>»ai*ife«:j81lipr 

m (^i) -cfcs, 

[B2] wiBJB i <omn<oj&mz&rtz>is*TJ»mf& 

2) T-fc5 0 

[0 3] WESKoSllfi^ffiJwisJtS^^AWja 20 

[04 ] sins* i <DnM<Dj&mz&\,^xi&m£tiz>*9- 

[B5] ftfrfEJgl Oift(Dt-^7^ y h/</W^(D^ 
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0 (wi) 

[0 7 ] SfriEm 2 0fttta)gflBl::j3ft5 Affi^ 

2) -efc£ 0 

[ins] mtd.m2<Dnm<DMm\ztetfzzs*Tj>>ffif& 

So 

[0 9] miisfg 2 ^jOSo«fBlc*3t^-C*Effl 
[010] ^O^M(c«5^®?&^fta*fe^^JB 

[011] i&mm3<onm<oj&mzi$tfz>i/XTj±ffi 
to 2) r*^5 0 

[«F»o«MB] 

1 

5 j*>&m& 

8 ^H^ir VU" 
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